Background: Noise annoyance and effects on academic performance have been investigated for primary and secondary school students but comparatively little work has been conducted with university students who generally spend more time in dormitories or accommodation for their self-study. Objective: To determine, using a socio-acoustic approach involving face-to-face interviews and actual noise measurements, the effect of various community noise sources on student activities in accommodation both inside and outside a university precinct and also relationships with cumulative grade point average (GPA). Materials and Methods: The study sample comprised a student group resident offcampus (n = 450) and a control group resident in dormitories on-campus (n = 336). Noise levels [L A (dB)] were measured at both locations according to International Organization for Standardization standards. The extent of community noise interference with the student activities was examined with bivariate and stratified analyses and results presented as Mantel-Haenszel weighted odds ratios (OR MH ) with 95% confidence intervals. Binary logistic regression was employed to assess the association between noise-disturbed student activities and dichotomized GPA values and derive odds ratios (ORs) for these associations. Results: Measured noise levels were all significantly (P < 0.05) higher for off-campus students. This was not reflected in the interviewed students' subjective perceptions of how "noisy" their respective environments were. The off-campus student cohort was, however, more annoyed by all community noise categories (P < 0.001) except road traffic noise. For impact on specific student activities, the largest differences between on-and off-campus students were found for telephone and personal communication regardless of the type of community noise. There was no significant difference in the relationships between perceived annoyance due to community noise categories and cumulative GPA in the off-campus group compared to those for on-campus residents with OR MH values ranging from 1.049 to 1.164. The most important noise-impacted factors affecting off-campus students' cumulative GPA were reading and mental tasks (OR = 2.801). Rest disturbance had a positive influence on cumulative GPA for on-campus students. Conclusion: These results provide support that various contemporary community noise sources affect university students' activities and possibly influence their educational achievement as well.
INTRODUCTION
A wide range of sources can produce noise, and it is generally regarded as an environmental stressor. Noise annoyance can have serious physiological, psychological, and social consequences. These include feelings of disruption, stress reactions together with sleep disorders, hormonal changes, increased blood pressure and risk of myocardial infarction, and a general deterioration of well-being and quality of life. Noise annoyance can be partly explained by acoustic factors such as sound level, frequency, spectrum, and source. It is recognized, however, that non-acoustic factors, for example, personal and social factors that affect a person's awareness of and the attitude toward noise also play a role in annoyance felt. In addition, previous works have shown that subjective sensitivity to noise is a significant predictor noise annoyance. [1, 2] The relative importance of some of these factors may vary according to the number and type of noise sources as well as the duration and frequency of noise events, that is, the acoustic environment one lives in. [3, 4] Many studies reveal that road traffic is a predominant source of noise annoyance in residential and urban areas. [3] [4] [5] [6] However, communities are also subject to ambient noise from a nontraffic origin (such as sounds made by neighbors, elevators, air conditioners, animals, entertainment venues, and so on). [7, 8] Previous studies indicate that such community noise, both traffic and non-traffic in origin, causes significant effects on adult residents' health and well-being in both Asian and European cities. [5, 7, [9] [10] [11] In Thailand, community noise has become a major environmental issue, with an increasing number of complaints caused by non-traffic noise sources being reported in many municipalities. [12] The presence of uncontrollable noise can also significantly impact cognitive capability. [4, [13] [14] [15] Experimental and epidemiological studies have both identified that long-term exposure to noise affects the brain's organization of speech processing and attention control, resulting in decreased academic performance. [16] [17] [18] In the context of academic performance evaluation, grade point average (GPA) is an accessible and quantifiable measure that reflects the influence of many aspects, including personal and environmental ones, involved in student learning. For example, the amount of time spent studying in a relatively quiet environment would be a contributing factor to better academic achievement as denoted by a high GPA or examination score. [19] Despite this, many universities worldwide are located in acoustic environments that may cause noise annoyance and affect not only students' everyday activities but also their learning ability.
Noise annoyance and effects on academic performance have been investigated for primary and secondary school students, [16, 18, 20, 21] but there has been comparatively little work conducted among university students. Among the few relevant studies, the authors are aware of Weinstein's work [22] showing that noise-sensitive US college students tended to have lower scholastic ability and Czech work showing the increased levels of noise and university students' annoyance in surveys conducted in 1989 and 1999, although no effect on academic performance was investigated. [23] The aims of this study were, therefore, to determine the influences of various contemporary community noise sources on university student activities in accommodation both inside and outside a university precinct, and also to assess the effect of community noise and affected student activities on cumulative GPA. In recognition of the influence of acoustic and non-acoustic factors on these research questions, a socio-acoustic approach was taken involving face-to-face interviews for a questionnaire as well as actual noise measurements.
MATERIALS AND METHODS
Characteristics of the study site and student sample
The participants taking part in this study were students registered at Silpakorn University (Sanamchantra Palace Campus), Nakhon Pathom Province, Thailand. The campus covers an area of 11.2 km 2 and had a total enrolment in the 2016 academic year of 11,508 undergraduate students and 1,567 graduate students. Residential neighborhoods as well as small commercial areas surround the university. Various community noise sources such as road traffic, building construction, mobile advertising vehicles and bars and karaoke venues are found in the area that would be typical of many urban areas in South East Asia. Undergraduate students studying for more than 2 years were selected for the study. A total of 786 students took part in interviews, 27.0% male and 73.0% female. The gender ratio in this sample of 2.7 in favor of females was comparable to the ratio for the whole university students (2.3 in favor of females). The sample comprised a control group of students residing in the dormitories inside the campus (n = 336) and those staying in private accommodation outside (n = 450). The respondents represented a homogenous sample in respect of comparable age and educational attainment [ 19:00-22:00), and nighttime L eq (L n ; 22:00-07:00), as well as the 24-h equivalent level L eq,24h and the day, evening, and night level L den were then calculated. The L den was obtained from the logarithmic formula specified in the ISO document on the measurement and assessment of environmental noise (ISO standard 1996-1: 2016) [25] and corresponding noise rating levels for those time periods were derived from the European Union's Environmental Noise Directive 2002/49/ EC. The purpose of these noise measurements was to characterize the levels of noise exposure of the participants to objectively assess acoustic interferences on their activities and academic performance.
Questionnaire surveys
A noise annoyance questionnaire adapted from International Commission on the Biological Effects of Noise [26] and previous studies [13, 27] was employed for assessing subjective responses. The questionnaire survey was conducted, via face-to-face interview at the university and off-campus accommodation, by trained interviewers. The questionnaire contained questions on personal (gender, age, and study faculty), behavioral (psychogenic stress), and accommodation characteristics (orientation of windows relative to the street, location, and length of stay in accommodation) of students. It also included questions on possible non-traffic and traffic noise effects (noise annoyance from different acoustic sources, interference with various student activities, e.g., reading and mental tasks and disturbance of sleep). Annoyance was estimated using a five-level scale (not at all; slightly; moderately; very; extremely). Individual students were also asked for their current cumulative GPA, representing academic performance. The standard scores for GPA at Silpakorn University range from 0.00 (fail) to 4.00 (excellent). The cumulative GPA values given by the volunteering participants were then crosschecked with the university registration office's database to the extent permitted by privacy regulations.
For statistical purposes, the results of the survey questions were dichotomized (not at all + slightly + moderately; very + extremely) or trichotomized (not at all + slightly; moderately; very + extremely). [13, 28] Summary characteristics of the student cohorts, their environments and cumulative GPAs from the questionnaire survey are given in Table 1 .
Statistical analysis
Descriptive statistics involve the presentation of numerical variables as mean values ± standard deviation (SD) and categorical variables as percentages (relative numbers). As the IG is regarded as the control group, t-tests were applied to determine whether the differences in measured acoustic characteristics experienced by the OG and IG student cohorts were significant.
Bivariate and stratified analyses were used to estimate the extent of community noise interference with the student activities. In stratification analyses where the variables (community noise annoyances) were divided into three categories (not at all + slightly; moderately; very + extremely), results were presented as the Mantel-Haenszel weighted odds ratios (OR MH ) with 95% confidence intervals (95% CI). [13] In addition, Mantel-Haenszel chi-square values were calculated. This tests the null hypothesis that all OR MH values are all equal to one versus the alternative hypothesis that at least one differs from unity.
To quantify the association between cumulative GPA and community noise annoyance and student activities, cumulative GPA scores were classified by means of class intervals. This approach divided the scores into low, medium, and high. Low (2.39) and high (≥3.18) cumulative GPA groups were employed for analysis (as a dichotomized variable), while those data between 2.39 and 3.18 were excluded. Binary logistic regression was then performed to assess the association between noise disturbed student activities (independent variable) and GPA (dependent variable) and derive odds ratios (ORs). The Statistical Package for the Social Sciences version 13.0 (SPSS Inc., Chicago, IL, USA) software was used for all data analyses.
The original dataset of the current study was not stratified according to gender because previous relevant works [22, 23] found no significance difference between male and female participants in reactions to dormitory noise and stratifying the data made no difference to results.
RESULTS
Influence of community noise on student activities Statistically significant differences (P < 0.05) were found for all measured acoustic characteristics between OG and IG sites [ Table 2 ]. The respondents in the OG are thus generally exposed to higher noise levels during the day and especially at night compared with those from the IG. The difference in the magnitude of the mean values of all acoustic characteristics ranged from 3.7 dB for L d up to 7.2 dB for L n data that showed the largest disparity.
Interestingly, this difference in measured acoustic characteristics was not reflected in the student perceptions of their environment. For the OG students, the location of accommodation was in fact marginally less often subjectively assessed as "noisy" (50.9% vs. 53.9% in IG), with consequent low statistical power (P = 0.41). OG students may have become accustomed to their acoustic environment. This lack of distinction between OG and IG students is also seen with some aspects of building design. The proportion of windows reported to be facing streets were similar (64.0% vs. 71.7%) as therefore were the percentages not facing a street (36.0% vs. 28.3%) [ Table 1 ].
The OG student cohort was, however, more annoyed by all community noise categories (traffic, construction, recreation, and advertising) compared to IG students with significant differences (P < 0.001) for all categories except road traffic noise [ Figure 1 ]. Among the different types of community noise investigated, advertising noise (e.g., loudspeakers in vending vehicles driving around the neighborhoods) showed the largest difference in effect on student activity between OG and IG students with OR MH for various activities ranging from 1.396 to 2.228 [ Table 3 ]. Road traffic noise had the least differential impact on the various student activities investigated for OG versus IG cohorts (with OR MH values ranging from 1.000 to 1.768). For specific student activities and their perception of noise annoyance, the largest differences between OG and IG students were consistently found for telephone and personal communication regardless of the type of community noise. Perhaps surprisingly but importantly for the purposes of this work, the smallest differences in community noise impact between OG and IG groups were for listening to radio and television (TV) and reading and mental tasks.
Influence of community noise annoyance and student activities on cumulative grade point average
The relationship between community noise annoyance as perceived by students and their cumulative GPA is shown in Table 4 . While values of OR MH were all found to be >1 (the actual values ranged from 1.049 to 1.164), the lower limits of the corresponding 95% CI were all <1 and P values were not significant (P > 0.05), except for construction noise. These results indicate that there was no significant difference in the perceived annoyance due to these noise types, traffic and nontraffic related, and cumulative GPA in the off-campus group (OG) compared to those for residents in dormitories on campus. This is despite non-traffic community noise being perceived as more annoying to OG students as described above.
To investigate the influence of community noise and academic performance further, associations between student activities and dichotomized cumulative GPA segregated between OG and IG groups were examined using binary logistic regression analysis. This yielded ORs as shown in Table 5 . These results show the most important noise-influenced activities that affect students' cumulative GPA. For OG students, reading and mental tasks significantly influenced cumulative GPA (OR = 2.801, P < 0.05). This means that an increase of the community noise annoyance level for this activity, for example, from moderately to very + extremely increases the odds of a reduction in the cumulative GPA by a factor of 2.8. Paradoxically, rest disturbance was found to have a positive influence on cumulative GPA in IG students (OR = 0.161, P < 0.05).
DISCUSSION
This socio-acoustic study showed that student residents offand on-campus (OG and IG) subjectively perceived their environments to be similarly noisy, despite objective measured sound levels being greater in off-campus areas, particularly at night. Students in the OG were more annoyed and disturbed by non-traffic noise (P < 0.001) rather than traffic noise. As compared to primary and secondary school students, university students generally spend more time in dormitories or accommodation for their self-study. Therefore, community noise annoyances might be expected to influence their study patterns and academic performance more. The comparisons of noisy and relatively quiet environments have shown a distinct deleterious effect of community noise on academic-skill descriptors together with a variety of physiological and cognitive factors. [29] [30] [31] The measured mean L eq,24h values of 64.7 ± 4.8 dBA in the OG residential environment and 60.3 ± 1.8 in that of the IG [ [32] and aims to prevent hearing damage in most people after a lifetime exposure. It is not a limit below which there is no noise annoyance. In fact, WHO's recommended value to prevent community noise related annoyance or disturbance for daytime living areas is 50-55 dBA (L eq,16h ) or less, and for nighttime sleep 45 dBA (L eq,8h ) or less. [32] This suggests a possible influence of community noise on the students' activities in both groups.
The current study indicated that all community noise types had greater detrimental effects on communication activities (personal and telephone) for the sampled university students than any other activity. Adults suffer less than children and even the elderly from the effects of noise on speech perception. [33] Children need higher sound pressure levels than young adults to gain the highest results from word identification tests. [17, 34] However, as the participants in the current study were young adults, relatively high ORs would not be expected. OR MH values found were between 1.000 and 2.228 [ Table 3 ] for the various community noise categories.
There was little difference in the annoyance subjectively experienced by OG and IG groups to various types of community noise and cumulative GPA [ Table 4 ]. However, some differences were noted between cohorts in regard to the association of particular noise-impacted student activities and cumulative GPA [ Table 5 ]. A moderate influence of community noise on the sleep quality (awakening from sleep and falling asleep) of the participants in the exposed group (OG) was found [ Table 3 ] for whom the biggest differences in noise levels Figure 1 : Noise annoyance from the various types of community noise among students residing inside (IG) (n = 336) and outside (OG) (n = 450) the university as compared to the IG student cohort were for nighttime noise levels (L n ). This finding agreed with that from previous studies indicating noise to be a key element influencing sleep quality at nighttime. [35, 36] Noise during sleep may have a significant detrimental effect on academic achievement. It has chronic effects on neural processes related to tasks. However, it is unclear at present based on the literature whether noise was directly responsible for such effects or whether they were caused indirectly by interfering with sleep quality for example. [37] A prominent association (OR = 2.801) was found between reading and mental tasks and cumulative GPA for the OG group [ Table 5 ]. This possibly relates to the effect of longterm noise exposure on the brain function of attention control, [17] resulting in worse academic achievement. However, it is interesting that more noise-induced rest disturbance in IG students was associated with a better cumulative GPA (OR = 0.161). If not spurious, this result implies that not only noise exposure, but also other factors affect cumulative GPA. Rest disturbance itself is also influenced by a number of factors, for example, indoor air quality, ventilation, and number of cohabitants, [7, 8] as well as the psychological status of individuals. [30] Further investigation of this finding is therefore recommended.
As mentioned, clear unequivocal statistical evidence of differential annoyance due to community noise and cumulative GPA between OG and IG students was not obtained in the current study [ Table 4 ]. Inconsistency regarding association between community noise and academic performance has previously been seen in the literature. For example, two recent studies conducted in the same area of Greater London gave conflicting results. The first one found that chronic external noise exposure had a significant negative impact on the performance of primary school students. [16] Another one indicated almost no significant relationships for secondary school students. [20] This apparent inconsistency may be attributed to educational achievement depending not only on the direct effect of environmental factors such as noise annoyance but also other factors such as the student's age and those factors perhaps indirectly affected by Cumulative GPA data were dichotomized as "low" (cumulative GPA 2.39) or "high" (cumulative GPA ≥ 3.18) according to class interval. b Mantel-Haenszel weighted odds ratio was used because of stratification, as the community noise annoyance variable was trichotomized (not at all + slightly; moderately; very + extremely).
community noise, for example, class attendance [19] as well as general physical and mental health. [37] Class attendance patterns and age are clearly different between secondary school and university students but perhaps health-related factors are influential as well. To emphasize the multifactorial nature of tertiary academic performance, Sheard [38] indicated that gender was less important than commitment among the factors investigated. However, the latter only contributed 3% to the variance of final GPA of University undergraduates and gender only an additional 1%. Other factors such as first-generation status, the educational level of parents, and intelligence quotient of the students have also been reported to influence GPA. [39] [40] [41] This study is among the first to have specifically examined cumulative GPA as a dependent variable in relation to community noise exposure for a sample of young university students. It is difficult to assess the relationship between educational achievement and noise annoyance categories with a relatively small sample size, particularly given the influence of possible confounding factors on GPA identified above. A more powerful sample might give a clearer and more conclusive answer to this question. It is also important to note that while GPA is widely used, it is only one potential measure of academic performance in university. It has some limitations regarding what information it can provide about the academic experience and may not encompass all important aspects of the educational process (e.g., mastery and interest). [16] CONCLUSION Investigation of the influences of various community noise sources on university student activities in accommodation both inside and outside a university precinct showed that measured noise levels were often not in accord with the students' perceptions of how "noisy" their environment was. All measured noise levels were significant higher for off-campus (OG) students. Consistent with this, the OG student cohort was more annoyed by all community noise categories except road traffic noise compared to students resident on campus. Regarding the impact of community noise on student activities, telephone and personal communication showed the largest differences between onand off-campus groups regardless of the noise source. No significant differences in the relationships between perceived community noise annoyances and cumulative GPA in the offcampus group compared to those for on-campus residents were observed. The most important noise-impacted factors affecting students' cumulative GPA were reading and mental tasks as well as rest disturbance. The latter had a positive influence on cumulative GPA in on-campus students. Limitations identified above notwithstanding, these findings highlight the complex nature of community noise annoyance, interference with various activities, and cumulative GPA among university students. Results do, however, suggest that preventive measures are necessary to reduce community noise in the accommodation of university students both within and external to university precincts.
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